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[57] ABSTRACT 

Disclosed is a diode device in Which tWo electrodes of 
regions forming both terminals are provided on the same 
face, thereby enabling the device to be connected to a circuit 
substrate by face-doWn bonding. Since a region is located 
Within the semiconductor base, an electrode cannot be 
connected at the top face thereof; to overcome this, a groove 
is provided extending in a perpendicular direction from the 
top face of the semiconductor base to the region, and an 
electrode is provided in the groove. Then, the electrode in 
the groove is exposed at the top face, enabling the electrodes 
of both regions to be connected at the top face. 

5 Claims, 2 Drawing Sheets 
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DIODE DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a diode device in Which 

both electrodes of tWo terminals are provide on the same 
surface, and can be directly connected to a conductive 
pattern of a circuit substrate Without using a lead Wire. 

2. Description of the Related Art 
Face-doWn bonding is a method for directly attaching 

integrated circuits to circuit boards such as printed boards 
and the like Without using lead Wires, conventionally used in 
the construction of various types of electronic circuits. 

According to this method, electrodes are provided on the 
same surface of the integrated circuit,Which is then turned 
face doWn and bonded directly to the circuit board. Since the 
integrated circuit consequently requires no packaging, the 
siZe of the integrated circuit can be scaled-doWn, loWering 
costs. For these reasons, face-doWn bonding is generally 
used. 

HoWever, although this method can be used for integrated 
circuits, chie?y being provided transistors in it, in Which 
electrodes can be disposed on the same surface, it has not 
been possible to use face-doWn bonding in the case of diode 
devices having only tWo electrodes, such as, for instance, 
variable-capacity diodes. 

FIG. 4 is a cross-sectional vieW illustrating a conventional 
variable-capacity diode device, in Which region 1 and region 
2, having different conductive types, are provided Within an 
epitaxial layer 5 on a silicon semiconductor substrate 3, 
thereby forming a PN junction such as super abrupt junction. 
A ?rst region 1 is exposed at the top face of a semicon 

ductor base, comprising a substrate 3 and an epitaxial layer 
5, and therefore an electrode 7 can be provided on the top 
face thereof. HoWever, since a second region 2 is provided 
beloW the ?rst region 1, an electrode 18 of the second region 
2 is provided on the bottom face of the substrate 3. 

The electrode 18 on the bottom face is attached to a 
terminal 16. A ribbon-like metal is inserted betWeen the 
substrate 3 and the terminal 16 at the attach portion and 
heated, forming a eutectic of the terminal 16, the metal, and 
the substrate 3. 
A metal lead Wire 15 connects the electrode 7 on the top 

face to a terminal 17. Then, With only the terminals 16 and 
17 exposed to the outside, a packaging of resin sealant or the 
like is applied, and the terminals 16 and 17 are connected to 
a circuit substrate. 

Thus it has not been possible to connect the conventional 
diode device to a circuit board by means of face-doWn 
bonding since the tWo electrodes cannot be provided on the 
same surface. 

The present applicant disclosed an invention to improve 
the defects of conventional diode devices in Japanese Patent 
Application Laid-Open No. 9-79112. 

HoWever, this technique is not satis?ed from an economic 
vieW point because it requires a diffusion process. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
inexpensive diode device Wherein tWo electrodes of regions 
forming both terminals are provided on the same surface, 
enabling the diode device to be connected to a circuit 
substrate using face-doWn bonding. 

In order to achieve the above object the diode device of 
the present invention comprises: a ?rst region forming a 
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2 
terminal exposed at a top face of a semiconductor base; an 
electrode provided in the ?rst region; a second region 
forming another terminal Within the semiconductor base, or 
exposed at a face opposite to said top face; and a groove 
extending from the top face, Where said ?rst region forming 
a terminal is provided, through the semiconductor base to 
the second region forming the other terminal, an electrode of 
the second region forming the other terminal being provided 
in said groove. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of an embodiment of the 
diode device of the present invention; 

FIG. 2 is a plan vieW of FIG. 1; 
FIG. 3 is a cross-sectional vieW of another embodiment of 

the diode device of the present invention; and 
FIG. 4 is a cross-sectional vieW illustrating a conventional 

diode device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Aregion inside a semiconductor base cannot be connected 
to its electrode at the top face of the semiconductor base. To 
overcome this, a groove is provided extending in a perpen 
dicular direction from the top face of the base to the region, 
and the electrode for the region is provided in the groove. 

Then, the electrodes of both regions forming the terminals 
can be connected at the top face by exposing the electrode 
in the groove at the top face, making face-doWn bonding 
possible. 

Next, an embodiment of the diode device of the present 
invention Will be explained With reference to FIGS. 1 and 2, 
using a variable-capacitance diode device as an example. 
FIG. 1 is a cross-sectional vieW, and FIG. 2 is a plan vieW, 
elements Which are the same as those shoWn in FIG. 4 being 
represented by the same reference numerals. 

In FIG. 1, numeral 3 represent an n-type silicon semicon 
ductor substrate of loW speci?c resistance. An epitaxial layer 
5 of high speci?c resistance has the same conductive type as 
the substrate 3, and is provided thereon. Ap-type ?rst region 
1 of loW speci?c resistance is exposed at the top face of the 
epitaxial layer 5, and an n-type second region 2 of loW 
speci?c resistance is provided beloW the ?rst region 1. The 
?rst region 1 and the second region 2 form a pn junction, and 
constitute tWo terminals of the variable-capacitance diode 
device. 

Furthermore, a groove 4 is provided in the epitaxial layer 
5 near to the regions 1 and 2, and extends in a perpendicular 
direction from the top face of the epitaxial layer 5 to the 
substrate 3. A second electrode 8 is provided in the groove 
4 so as to cover the bottom and side faces thereof While 
being exposed at the top face. 

The electrode 8 is connected via the substrate 3 and the 
epitaxial layer 5 to the region 2, and forms the electrode of 
the region 2. A ?rst electrode 7 connects to the region 1. If 
required, bumps may be provided at the top races of the 
electrode 7 and the electrode 8. 

In this type of variable-capacitance diode device, the 
electrode 7, Which is the anode, connects directly to the 
region 1, and the electrode 8, Which is the cathode, connects 
to the region 2 via the substrate 3, Which acts as a third 
region, and the very thin epitaxial layer 5. 
The electrodes 7 and 8 are both provided on the same face 

of the epitaxial layer 5 of the semiconductor base, making 
face-doWn bonding possible. 
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The groove 4 can be formed using an ordinary silicon 
etching ?uid comprising hydrogen ?uoride doped With nitric 
acid. Even With a comparatively thick epitaxial layer 5 
having a thickness of approximately 10 pm, the process can 
be completed in less than ten minutes. 

By contrast, more than ten hours may be required to 
provide a diffusion layer of loW speci?c resistance in an 
epitaxial layer 5 having the same thickness. 

The process of forming the groove 4 can be set freely 
during manufacture, but it should preferably be set before 
the regions 1 and 2 are provided once the epitaxial layer 5 
has been formed. 

FIG. 3 is a cross-sectional vieW of another embodiment of 
the diode device of the present invention and shoWs a PIN 
diode device. 

An epitaxial layer 10 comprising a substantially intrinsic 
semiconductor (represented by I) having an extremely high 
speci?c resistance is provided on a semi conductor substrate 
3. A ?rst region 1 is provided in the epitaxial layer 10, and 
is exposed at the top face thereof. 

Therefore, the epitaxial layer 10 comprising a substan 
tially intrinsic semiconductor, constituting a fourth region, is 
provided betWeen the n-type substrate 3 and the region 1, 
creating a junction betWeen the substrate 3 and the epitaxial 
layer 10, and a junction betWeen the region 1 and the 
epitaxial layer 10. This obtains a PIN diode device having 
the region 1 and the substrate 3 as its tWo terminals. 

A groove 4 is provided in the epitaxial layer 10, and 
extends in a perpendicular direction from the top face 
thereof to the semiconductor substrate 3. A second electrode 
8 is provided in the groove 4, and is exposed at the top face 
thereof. The electrode 8 connects directly to the substrate 3, 
Which acts as a third region. Thus, the cathode and anode 
electrodes are also both provided on the same face of the 
semiconductor base in this PIN diode device. 

In the present embodiment, the substrate 3, Which acts as 
a third region, forms an NI junction and functions as one 
terminal of the diode. 

In the ?rst embodiment, the substrate 3 is not a region 
forming the pn junction and acting as one of the diode 
terminals, but only has the function of connecting the region 
2, Which is one terminal of the diode, to the electrode 8. 

The third region 3 may be used to form a junction of the 
diode in this Way, or it may function merely as a conductor, 
Without forming part of the diode. Furthermore, although the 
substrate 3 acts as the third region here, an additional buried 
layer can be provided and used as the third region. 

In the present embodiment, one groove 4 is provided near 
the region 1, Which forms the diode junction and is exposed 
at the top face. HoWever, multiple grooves can be provided, 
for instance in a circular shape around the region 1. 

Instead of a chemical method, the grooves may be pro 
vided by a physical method such as using a laser beam or gas 
etching. 

Furthermore, although the present embodiment describes 
a variable-capacitance diode device and a PIN diode device, 
it is clear that the invention can be Widely applied to various 
types of diode devices. 
As described above, in the diode device of the present 

invention, a groove extends into a semiconductor base from 
the top face thereof, and an electrode of a region forming one 
terminal, Which is not exposed at the top face of the 
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semiconductor base, is provided in the groove. Therefore, 
the tWo electrodes of the regions forming both terminals of 
the diode device can be provided on the same face, and can 
be connected to a circuit substrate Without using lead Wires. 

By using an etching ?uid, the groove can be provided in 
a short time even in a comparatively thick epitaxial layer. 
Consequently, the diode device can be ef?ciently manufac 
tured Without complicating the manufacturing process. 

Furthermore, since the groove can be provided Without 
heating process such as diffusion, it is not necessary to clean 
the furnace to remove signi?cant dirt Which becomes 
attached thereto after lengthy periods of heating. 

Furthermore, the characteristics of the diode device do not 
deteriorate as a result of unWanted diffusion during the 
heating process. 

Thus, the diode device of the present invention can be 
connected to the circuit substrate in the same Way as an 

integrated circuit comprising transistors, and is extremely 
practical as regards minituriZation and costs. 
What is claimed is: 
1. A diode device comprising: a ?rst region forming a 

terminal exposed at a top face of a semiconductor base; an 
electrode provided in the ?rst region; a second region 
forming another terminal Within the semiconductor base, or 
exposed at a face opposite to said top face; and a groove 
extending from the top face, Where said ?rst region ?rming 
a terminal is provided, through the semiconductor base to 
the second region forming the other terminal, an electrode of 
the second region forming the other terminal being provided 
in said groove. 

2. A diode device comprising: a ?rst region of one 
conductive type, provided in a semiconductor base and 
exposed at a top face thereof; a second region of an opposite 
conductive type to said ?rst region, the second region being 
provided beloW said ?rst region and forming a junction 
thereWith; third region of the same conductive type as said 
second region and provided therebeloW; a groove extending 
in a perpendicular direction from the top face of said base to 
said third region; an electrode connected to said ?rst region 
provided at the top face of said base; and an electrode 
connected to said second region provided in said groove. 

3. The diode device according to claim 2, Wherein said 
?rst region, said second region, and said groove are provided 
in an epitaxial layer, and said third region comprises a 
semiconductor substrate. 

4. A diode device comprising: a ?rst region of a ?rst 
conductive type, provided in a semiconductor base and 
exposed at a top face thereof; a third region of an opposite 
conductive type to said ?rst region and provided therebeloW; 
a fourth region comprising a substantially intrinsic 
semiconductor, provided betWeen said ?rst region and said 
third region and forming junctions respectively thereWith; a 
groove extending in a perpendicular direction from the top 
face of said base to said third region; an electrode connected 
to said ?rst region provided at the top face of said base; and 
an electrode connected to said third region provided in said 
groove. 

5. The diode device according to claim 4, Wherein said 
fourth region comprises an epitaxial layer, said ?rst region 
and said groove are provided Within said epitaxial layer, and 
said third region comprises a semiconductor substrate. 


